It has generally been concluded from the absence of effects or from the relatively slight effects upon serum calcium after parathormone injection in rabbits and guinea pigs that these animals are tolerant to parathormone (1-6). We have observed that young guinea pigs respond to the dally injection of relatively large doses of parathormone by decalcification and secondary fibrous transformation of the more rapidly growing bones or portions of bones (7). These effects occur in spite of the fact that the guinea pig is relatively resistant to parathormone, as measured by hypercalcemia, although with sufficiently large doses of parathormone both hypercalcemia and hyperphosphatemia may be induced (8). In young and adult guinea pigs a compensation is established during prolonged parathormone treatment, which enables them to tolerate repeated large doses without hypercalcemia, and which permits considerable repair of the bone lesions produced earlier in the treatment (8, 9).
It has generally been concluded from the absence of effects or from the relatively slight effects upon serum calcium after parathormone injection in rabbits and guinea pigs that these animals are tolerant to parathormone (1) (2) (3) (4) (5) (6) . We have observed that young guinea pigs respond to the dally injection of relatively large doses of parathormone by decalcification and secondary fibrous transformation of the more rapidly growing bones or portions of bones (7) . These effects occur in spite of the fact that the guinea pig is relatively resistant to parathormone, as measured by hypercalcemia, although with sufficiently large doses of parathormone both hypercalcemia and hyperphosphatemia may be induced (8) . In young and adult guinea pigs a compensation is established during prolonged parathormone treatment, which enables them to tolerate repeated large doses without hypercalcemia, and which permits considerable repair of the bone lesions produced earlier in the treatment (8, 9) .
We therefore studied histologically the bones of a rabbit treated with a single large dose of parathonnone, and of a number of rabbits treated for long periods with parathormone alone, and with parathormone supplemented with calcium lactate or ammonium chloride.
Effect of a Single Large Dose of Parathormone
We found in a single test, 48 hours after an injection of 240 units of parathormone into a young rabbit (No. 301) weighing about 500 gm., definite hypercalcemia as well as hyperphosphatemia (serum calcium 17.2, serum phosphorus 9.3 rag. per 100 cc.). There was other evidence of extreme overdosage in a non-protein nitrogen value of 103 rag. per 100 cc. The animal was apparently moribund when 595
killed. The histological examination of the bones revealed unmistakable resorption. Thus the hypercalcemia was obviously related in this case to calcium mobilization and removal. The resorption was very extensive and was associated with a fibrous reaction, particularly in the regions of active growth. The changes were similar in all respects to the changes observed in the bones of dogs and guinea pigs with acute hyperparathyroidism (7, 10) .
Effect of Repeated Administration of Parathormone
A young rabbit (No. 1019), weighing 875 gm., received the following dosage of parathormone: 20 units daily for 7 days; 40 units daily for 49 days; 50 units daily for 14 days, and 60 units daily for8 days. A total of 2080 units was given over a period of 78 days. The animal was killed on the 79th day, when it weighed 1530 gm.
Rabbits 1008 and 1003, young adult females, weighing 1225 and 1600 gin. respectively, received the following treatment: 20 units daily for 9 days; 40 units daily for 37 days; 50 units daily for 22 days; 60 units daily for 14 days, and 70 units daily for 8 days. A total of 4160 units of parathormone was given over a period of 90 days. On the 91st day the rabbits weighed 2075 and 2050 gm. respectively, and were killed to terminate the experiment.
In the gross, the bones of these three animals showed no evidence of softening, while on histological examination the lack of significant changes was also striking. Rabbit 1019 (the youngest when treatment was started) presented a very slight degree of scarring at the costochondral junctions and at the metaphyses, and there was slight subperiosteal osteoclastic resorption in the regions of most active bone growth. The possible relation of these changes to the changes occurring in the course of normal bone transformation in young animals will be discussed.
Changes of about the same degree were present at the corresponding sites in Rabbit 1008, which was older and had received twice as much parathormone. No changes of active bone resorption were observed in the bones of Rabbit 1003, which was the oldest of the three (the only one in which no epiphyseal cartilage plates were present at autopsy). While osteoclastic resorption and fibrous replacement were not observed in this animal, there seemed to be a general thinning of both the cortex and of the spongy trabeculae at the epiphyseal ends of the long tubular bones.
Effect of Repeated Administration of Parathormone and Calcium Lactate
Rabbit 1007, a young adult female weighing 1425 gin., and Rabbit 632, a fully grown male weighing 2850 gin., received the following dosages of parathormone: 20 units daily for 9 days; 40 units daily for 11 days; 50 units daily for 48 days; 60 units daily for 14 days, and 70 units daily for 8 days. A total of 4470 units was given over a period of 90 days. During the same period calcium lactate was given in addition, in the form of a 10 per cent aqueous solution administered by stomach tube. The amounts were as follows: 1 gin. daily for 46 days; 1.5 gin. daily for 36 days; 2 gin. daily for 4 days, and 2.5 gm. daily for 4 days. On the 91st day the rabbits weighed 2400 and 2850 gin. respectively, and were killed.
No gross changes were observed in the soft tissues, and the bones cut with normal resistance. On histological examination no resorptive changes were observed in the bones. There was no apparent effect on the bones as a result of the administration of calcium lactate. Nor were there any areas of pathologic metastatic calcification in the soft tissues in spite of the administration of calcium lactate, which would tend to intensify the hypercalcemic effects of parathormone. In the dog and guinea pig the hypercalcemic effects of parathormone overdosage lead to the appearance of metastatic calcifications, especially in the kidneys, lungs, heart, etc.
Effect of Repeated Administration of Parathormone and Ammonium Chloride
Rabbit 1002, a young adult male weighing 1550 gin., and Rabbit 1009, a fully grown female weighing 2400 gin., received the following parathormone dosage: 20 units daily for 9 days; 40 units daily for 37 days; 50 units daily for 22 days, and 60 units daily for 22 days. A total of 4000 units was given over a period of 90 days. During this period ammonium chloride was given by stomach tube in a 10 per cent aqueous solution, in amounts as follows: 0.2 grn. daily for 19 days; 0.4 grn. daily for 14 days; 0.5 gin. daily for 49 days; 0.7 gin. daily for 4 days, and 0.8 gin. daily for 4 days. On the 91st day the rabbits weighed 1900 gm. and 2410 gin. respectively, and were killed. Two other rabbits were treated in similar fashion, and died probably as the result of ammonium chloride administration.
There was a complete absence of active resorption in the bones of these animals, in spite of the fact that parathormone and ammonium chloride employed separately or together produced marked decalcification and fibrous scarring in the bones of young dogs (ll).
Rabbit 1001, a young adult female weighing 1800 gm., used as an ammonium chloride control, received the same daily administration of ammonium chloride as Rabbits 1002 and 1009, but was given no parathormone. On the 91st day the rabbit weighed 1740 gm. and was killed; there were no gross or microscopical changes in the soft tissues or bones.
DISCUSSION
A striking degree of acute decalcification and fibrous reaction to a single dose of 240 units was observed within 48 hours in a young well nourished rabbit (No. 301). After repeated doses of parathormone an almost insignificant reaction was observed in a young adult rabbit (No. 1008); in the fully grown rabbits, the absence of active resorptive bone changes as a result of large repeated doses of parathormone has been demonstrated, even with the addition of ammonium chloride. These experiments, therefore, give histological evidence that a very long period of repeated injections of parathormone produces very slight effects on the bones of young adults; fully grown adult rabbits show no effects.
These observations are strictly analogous to those reported earlier in the guinea pigs. The effect of parathormone in the rabbits, although very slight, is greatest in the youngest animals. It is probable that in young rabbits any bone changes which are produced early in the treatment heal when compensation is established. This compensation takes place during and in spite of the continued administration of parathormone, as has been demonstrated for the guinea pig (9). It seems, however, that the rabbit is even more resistant to parathormone than the guinea pig. Though the resistance of rabbits to parathormone has been indicated to some degree by the previous serum calcium studies, it has been strikingly brought out by the histological study of the bones.
Hypercalcemia could be produced in a young rabbit by an extremely large and probably fatal dose of parathormone. Evidence of toxic overdosage was, however, absent on repeated daily doses of 70 units, after previous treatment with smaller doses. Even when the hypercalcemic effects were rendered more probable by administration of calcium lactate, and the decalcifying effects of parathormone were rendered more likely by administration of ammonium chloride, most animals continued in apparently good condition. The younger rabbits in this experiment continued to gain weight, and the fully grown adults lost no weight. Even the animals that succumbed to the administration of parathormone and ~mmonium chloride showed no bone changes related to the treatment.
The species differences in resistance to parathormone are demonstrated by the rabbit even more strikingly than by the guinea pig, when both are compared with the dog, which responds to relatively small doses of parathormone with hypercalcemia and bone resorption. 1 The dog is likewise readily decalcified by ammonium chloride administration, while the rabbit and the guinea pig show marked resistance.
It would indeed by very interesting to know the mechanism by which this resistance of adult rabbits to parathormone and ammonium chloride is established. The resistance of rabbits and guinea pigs to parathormone is of particular importance in view of recent studies of the relation of the parathyroid glands to the pathogenesis of yon Recklinghausen's disease (generalized ostitis fibrosa cystica).
Hunter and Turnbull reported Byrom's attempts to produce bone lesions as a result of experimental hyperparathyroidism in young rabbits (12) . A litter of seven 2 month old rabbits was used. Three were kept as controls, and four were given daily subcutaneous injections of parathormone, beginning with 1 unit and rising to a maximum of 50 units in one animal. The dosage of parathormone given to the individual rabbits was as follows: one rabbit received 374 units over a period of 41 days; a second received 610 units in 78 days; a third received 770 units in 101 days, and the fourth received 2150 units in 101 days. A number of bones of the injected and control animals were examined, and resorptive and fibrotic changes were found in both the injected and control rabbits.
Hunter and TurnbuU interpreted the changes observed in the bones of both their normal and treated rabbits as resembling those of generalized ostitis fibrosa in man. In view of their unexpected results, they suggested that the experimentally produced fibrous bone lesions reported by Jaffe, Bodansky and Blair in dogs and guinea pigs (7, 9, 10) should be confirmed before being accepted as unquestionably due to parathormone. Such confirmation has, however, already come from Johnson and Wilder (13) , and from Abeloff and Sobel (14) . Furthermore, our own experimental work in the rat leaves no doubt of the capacity of parathormone to induce decalcification, which is followed by fibrous transformation of the marrow (15) .
A systematic study of the bones in several species reveals that many of the changes of normal transformation in young growing animals resemble, particularly in the sites of active growth, the changes observed in pathological fibrous transformation of bones. It must be remembered that these changes, in addition to being confined to the sites of active growth, also show a considerable degree of variability in the different bones of the skeleton. As the animal grows older, and the bone growth has been substantially completed, these changes disappear or become considerably reduced. We have observed these features in the bones of normal rabbits of various ages. While the younger rabbits showed fibrosis in the regions of active growth that was somewhat more pronounced than in other laboratory animals (guinea pig and rat), its severity did not approach the degree observed in the same sites in true generalized ostitis fibrosa. In fact, rodents are among the animals that show evidence of spontaneous generalized ostitis fibrosa most infrequently.
It is difficult to explain the extensive changes observed in the bones of the control rabbits studied by Hunter and Turnbull, and to accept them as identical with the changes of ostitis fibrosa. We suggest that the changes described by Hunter and Turnbull are to a great degree normal transformation changes, although the description indicates a severer process. In our studies on experimental hyperparathyroidism, the characteristic resorptive and fibrotic changes found, while most easily produced in young animals (dogs, guinea pigs and rats), were not approached by the appearance of the bones of the numerous young controls. CONCLUSIONS I. A very large single dose of parathormone produced rapid and extensive decalcification of the bones of a young rabbit.
2. Gradually increased doses of parathormone failed to produce significant changes in the bones of young and fully grown adult rabbits.
3. Ammonium chloride, administered by stomach tube was without effect on the bones, when given to rabbits treated with parathormone or to otherwise untreated rabbits.
4. Calcium lactate did not promote the appearance of signs of parathormone overdosage in rabbits during treatment, nor were metastatic calcifications observed in the soft tissues after termination of the experiment.
5. The rabbit is relatively very resistant to the decalcifying effects of gradually increased repeated doses of parathormone, and therefore is not satisfactory material for experimental studies of bone changes of chronic hyperparathyroidism.
6. The appearance of actively transforming bones of a young growing rabbit, particularly at the sites of rapid growth, is not to be confused with the more severe fibrous processes produced by parathormone in guinea pigs, dogs and rats. 
